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Abstract 
Microbial fuel cells (MFCs) are bio-electrochemical devices used to generate bioelectricity from a wide range of 
substrates by using bioelectrogenic microorganisms, and have special interest to supply the energy demands for small 
devices and the same time as a renewable energy source. In this study, a blend of soil-organic matter were tested in a 
membrane-less single chamber microbial fuel cells (SMFC) devices to generate bioelectricity along with 
biotransformation of organic wastes, over a testing time of 60 days and without renovation of substrate in batch mode 
of operation. The results in the experiments have shown relationship among substrate and the performance of output 
voltage in the SMFCs, the highest value of output voltage was 330 mV in the SMFC3 which contained a blend of 
75:25 of fruits and vegetables. 
 
© 2015 The Authors. Published by Elsevier Ltd.  
Selection and/or peer-review under responsibility of ICAE 
 
Keywords: microbial fuel cell, bioelectricity, organic waste, bioelectrogenic microorganisms. 
1. Introduction 
The microbial fuel cell (MFC) technology has been widely developed in first countries, pursuing both 
outcomes: generation of electricity and treatment of wastes from different derivations (organic or 
inorganic). The MFC device uses electrochemically active microorganisms (EAM) to generate electricity 
[1], this technology for example, enables to supply the energy demands for small devices [2]. The solid 
waste treatment and the electricity demands in the far places is a huge problem in South America. 
According to Moqsud et al., [2] in many developing countries more than 80% of solid waste belongs to 
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the organic waste fraction, and could contribute as a source to feed microbial fuel cells (MFCs) devices 
[3]. In Ecuador, the high Andean region holds the highest amount of solid waste production (more than 
1.500,00 miles of Tons), and the majority of these wastes are disposed of in landfills, and there are few 
cities that carry out process to recovery energy from the methane produced in their fields. 
 
There are already been investigated MFCs devices to produce bioelectricity from organic wastes or 
wastewaters [2-9]. Some researchers have used MFCs for the treatment of pollutants such as phenol [10], 
chromium [10, 11], and pentachlorophenol [12]. In addition, microbial fuel cells have been tested for 
producing hydrogen [13]. In Ecuador, first studies have been carried out doing a comparison of the 
bioelectricity production in MFC devices by reusing organic solid wastes blended with soils from 
different regions [14]. In the MFC devices, the anodic compartment should be separated electrochemically 
from the cathodic compartment and, according to Moqsud et al., [2] terrestrial MFCs have been developed 
by separating the anode electrode from the cathode electrode with a layer of soil or sediment. Moqsud et 
al., [2], presents reactions carried out into the anode compartment when microorganisms metabolize a 
substrate such as sugar in absence of oxygen, and they produce carbon dioxide, protons and electrons as 
describe below: 
ܥଵଶܪଶଶ ଵܱଵ ൅ ͳ͵ܪଶܱ ՜ ͳʹܥܱଶ ൅ Ͷͺܪା ൅ Ͷͺ݁ି      (1) 
 
When oxygen is supply from air, following reaction is proposed: 
͸ܱଶ ൅ ʹͶܪା ൅ ʹͶ݁ି ՜ ͳʹܪଶܱ       (2) 
 
The main aim of this study was to develop a membrane-less single chamber microbial fuel cell 
(SMFC) set up with blends of organic solid wastes (fruits- vegetables) and high andean soils of Ecuador 
to generate bioelectricity throughout the biotransformation of biomass, and investigate how the blend of 
(fruits- vegetables) is an influencing factor on the SMFC bioreactors. The output voltage as electrical 
property and the performance of the SMFC were also determined. 
2. Materials and methods 
2.1. Experimental setup 
In May 2014, soil undisturbed used as microbiological resource in whole experiments were sampled in 
the layer of natural high Andean soil, located in the wetland Pichan Central, Chimborazo (Ecuador) 
(763143E, 9833826N) among 20 to 40 cm, approximately to 4060 masl. The physical-chemical analysis 
of soil showed the following characteristics: pH 5.5, organic matter 3.7%, electrical conductivity (μS) 
203, NH4 (mg*L-1) 11.5, P (mg*L-1) 68.1, K (mEq*100g-1) 0.24, Ca (mEq*100g-1) 10.2, Mg 
(mEq*100g-1) 5.7, and (CFU/g soil) ˃300*10^3. The organic matter employed as substrate came from 
municipal wastes of Riobamba city (Ecuador) (760779E, 9814915S) and they were established among 1-
2 cm of the particles sizes. 
2.2. MFC assembly 
Conventionally, MFC technology works with anodic chamber in anaerobic conditions; meanwhile, 
cathodic chamber operates in aerobic conditions, both compartments (anode a cathode) are usually 
separated by a proton exchange membrane (PEM). However, in this study the SMFCs employed a blend 
of soil-activated carbon as membrane, and without renovation of microbial fuel and over a testing time of 
60 days in batch mode of operation. The SMFC were constructed by using plastic buckets of 12 litters as 
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entire volume of cells, which had a height of 270 mm, bottom diameter of 200 mm and top diameter 270 
mm. The procedure and parameters of the SMFCs assembling were done according to Logroño et al., 
[15], changing the relationship of the substrate. The anode and cathode electrodes were made of carbon 
fiber (300mm x 250mm), they were kept same between the SMFCs with different organic wastes 
relationships, and the distance among electrodes was 50 mm. In addition, a volume of fresh water was 
inserted into the SMFCs, making a water column of 2 cm on the cathode looking for to create anaerobic 
conditions in the anodic compartment and the same time to hold the experimental matrix moist. Two iron 
wires were connected to the anode and cathode electrodes separately by doing in an external circuit; the 
output voltage measure was carried out daily by using a digital multimeter (Digital Multimeter DT-832). 
The scheme and characteristics of the SMFCs used in this study is described in Fig. 1. 
Fig. 1. Schematic prototype of SMFC used to generate bioelectricity from organic wastes 
 
The different relationships between fruits and vegetables used as microbial fuel into the SMFCs are 
described in Table 1. The organic solid wastes were characterized by proximal analysis to comprehend 
their approximate nutritional contribution. 
Table 1. Amount, relationship and properties of organic wastes in SMFCs 
SMFC Kind of organic waste Weight/SMFC 
(g) 
Proximate analysis 
SMFC1 - 50:50 Fruit 
Vegetables  
500 
500 
Dry matter: 91, 39%, moisture: 8,61%, ash: 8,48%, 
protein: 10,67%, crude fiber: 20,53%, ether 
extract: 2,55%, Nitrogen-free extract: 49,17% 
SMFC2 - 25:75 Fruit 
Vegetables  
252 
752 
Dry matter: 89,81%, moisture: 10,19%, ash: 
7,44%, protein: 7,43%, crude fiber: 25,00%, ether 
extract: 2,78%, Nitrogen-free extract: 47,16% 
SMFC3 - 75:25 Fruit 
Vegetables  
752 
252 
Dry matter: 90,42%, moisture: 9,58%, ash: 9,28%, 
protein: 9,76%, crude fiber: 21,79%, ether extract: 
2,08%, Nitrogen-free extract: 48,20% 
 
Table 1 indicates that the percentage of the proximate analysis had not widely variability in their 
parameters among SMFC1, SMFC2 and SMFC3, and it is important signalize that the nitrogen-free 
extract is closely related to the formation of sugars. 
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3. Results and discussion  
3.1. Bioelectricity production in SMFCs 
The variable output voltage with elapsed time in all of the SMFC is illustrated in Fig. 2; the highest 
values of voltage are similar to previous results reviewed in the literature (Table 2) which has also used 
organic wastes [4, 15]. Periodically, when the voltage was too low, connection wires were changed in 
both electrodes (anode and cathode) to improve the performance. Until 30 day of monitoring an 
increasing –decreasing trend in between each 5-10 days of output voltage were observed in the SMFCs, 
and only increasing trend among 30-50 days in all of the SMFCs. However, among 50-55 days were 
obtained the highest peaks of voltages in all experiments, after 55 days the voltage decreasing trend was 
observed Fig. 2. The variability of the output voltage may be explained for the environmental and 
experimental conditions during the SMFCs operation, such as: experimental high 2700 mlas, nutrients 
availability from organic wastes, contribution of inorganic and trace elements from soil, selection and 
development of the microbial community, and average environmental temperature of 12.64 °C.  
 
 
 
 
 
 
 
 
 
Fig. 2. Performance of output voltage in SMFCs 
 
Table 2. Voltages generated and microbiological CFU counting in SMFC  
Microbial fuel 
cell 
1. Initial 
voltage     ( mV) 
2. Maximum 
voltage  (mV) 
3. Final  
voltage (mV) 
Microbiological Counting    
(CFU/g soil) 
    
1 2 3 
SMFC1 - 50:50 29 300 118 ˃300*10^3 8*10^8 9*10^8 
SMFC2 - 75:25 5 298 184 ˃300*10^3 4*10^8 1*10^8 
SMFC3 - 25:75 10 330 100 ˃300*10^3 1.8*10^9 1*10^8 
 
Among 55-60 days, the output voltage had a decreasing trend in all SMFCs, and could be due to the 
microorganisms consortium must consume the majority of fuel resource available easily in the blend 
organic waste-soil used in the SMFCs. At the end of the experiment, vegetables residues rich in cellulose 
have not suffered any change; meanwhile fruits wastes were completely degraded, suggesting the 
preference for residues easily biodegradable, according to reported Logroño et al., [15].  
Previous microbial cultures in minimum and enriched mediums with glucose, starch and protein 
suggest the roll of microorganisms cultured under aerobic condition into the bioelectrogenic process [15]. 
Inside MFCs positive correlations were not always observed between the abundance of microbes and 
electricity generation. The predominance of electrogenic microorganisms is not a guarantee of high 
performance of MFCs because minor members in the community could contribute to the current 
production [16]. In this study, the bacteriological analysis was carried out throughout the bacteriological 
culture under aerobic conditions in an enriched medium by accounting the colony forming units per 
grams of soil (CFU/ g soil). Table 2 shows CFU/ g soil related with the initial, maximum and final 
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voltage. According to the results, non-significant statistical differences were found between CFU/ g soil 
of the SMFC1, SMFC2 and SMFC3, however, there were an inverse correlation between the voltage 
generated and CFU/g soil into the SMFCs. Cultures obtained daily during the elapsed time of SMFCs 
performance showed morphological differences between colonies such as different color, form and edge; 
suggesting the diversity of microbial populations. 
Relating to mechanism and pathway of degradation, the electrogenic microorganisms use two types of 
anaerobic metabolism: anaerobic respiration and fermentation that produce primary redox metabolites. 
Whereas the fermentation process can produce small organic acids and alcohols used in the anaerobic 
respiration; on the contrary, sugars can be consumed in both fermentation and methanogenesis. [17] 
The majority of the inorganic fraction contribution could be widely represented from the metallic 
elements of the undisturbed soil used in the SMFCs. Some metallic elements are required for the growth 
and function of microorganisms such as potassium (K) and magnesium (Mg), as well as trace elements 
such as manganese (Mn), iron (Fe), copper (Cu), zinc (Zn) and molybdenum (Mo); many of them are 
catalysts in some metabolic reactions related with bacterial physiology by means of redox reactions, 
however, higher concentrations of these metals and heavy metals may be toxic for other microbial 
populations [18]. In this study, it was observed a low availability of K, average of Ca, remarkable of Mg, 
and high of P; additionally, the conductivity of the undisturbed soil was 203 μS, indicating that this soil 
presented non-saline characteristics, eventhough this factor could infer in the way of electron transport 
[16]. Therefore, this study evidences the bioelectricity generation and suggests that inorganic fraction 
contained in the matrix was not toxic for the microbial populations related to bioelectrogenic process; 
such as indicates previous results reviewed in the scientific literature. 
Nitrogen contribution was analyzed in the form of ammonia ions and according to the measurement 
could be interpreted as low. The Nitrogen-free extract is constituted by digestible carbohydrates, as well 
as vitamins and the rest of soluble organic compound non-nitrogen, the amounts were expressed in 
percentage Table 1, and there were not higher differences between the organic matrix SMFC1, SMFC2 
and SMFC3. The results could suggest that small differences among concentrations of nitrogen-free 
extract in the organic matrix of the SMFCs experiments had important rolls in the metabolic routs of 
microorganisms and bioelectrogenic process as well. The best behavior was observed in the SMFC3 and 
could be explained because this experiment had fruits in the majority of the organic composition, 
indicating that substrates has an important role in the SMFCs operation and must be controlled to obtain 
higher values of voltage in the high Andean region. 
4. Conclusion  
This study shows that monosaccharides, disaccharides and polysaccharides present into fruits wastes 
are frequently used in the metabolic routes of the high Andean microbial populations for the bioelectricity 
production, in contrast with the polysaccharides present in vegetables wastes which required a higher 
consume of energy for their degradation and participation in the metabolic routes. We assumed that the 
SMFC3 generated the highest output voltage (330 mV), and that device contained more concentration of 
fruits, and it seems like proportionated better conditions for oxide-reduction reactions in the 
bioelectrogenic process.  
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